The viability and dynamics of spatially structured populations depend critically upon dispersal 14
Introduction 39
Dispersal is a key process in population dynamics and genetics (Clobert et al. 2001) . Whereas 40 most studies on dispersal have investigated the causes and consequences of natal and breeding 41 dispersal (Greenwood 1980 , Clobert et al. 2009 ), the fitness pay-offs of post-fledging 42 dispersal remain poorly evaluated (but see Naef-Daenzer et al. 2001 , Wiens et al. 2006 . fledging dispersal is the dispersal of the juveniles of both sexes from parental territories or 44 from the birthplace during the post-fledging period, soon after they achieve independence 45 (Morton et al. 1991) . Post-fledging dispersal is likely to be a critical determinant of natal 46 dispersal as it permits prospecting for potential future breeding sites (Bell 1991, Clobert et al. 47 movement probabilities based on previous findings. In particular, movements were 163 constrained according to Barbraud et al. (2003) who found dispersal to be time-dependent for 164 the first age class (birds < 1 year old) and time-independent for the second age-class (birds 165 aged  1 year old). Because we were interested in estimating seasonal survival probability, we 166 considered individuals < 6 month-old as a first age-class, and individuals > 6 month-old (from 167 6 month-old to 12 month-old) as the second age-class. 168
Previous demographic studies on greater flamingos from the Camargue (Lebreton et al. 1992 , 169 Cézilly et al. 1996 , Tavecchia et al. 2001 , Barbraud et al. 2003 found that resighting 170 probabilities varied according to year, age and site. Therefore, in our initial model, resighting 171 probabilities were site-, time-and age-specific, with the same age-classes as those used for 172 movement probabilities. 173 174
Goodness-of-fit test and model selection 175 176
The ability of the initial model to describe the data was assessed by goodness-of-fit tests run 177 for each cohort and for each sex using U-CARE (Choquet et al. 2009a) . We then followed a 178 step down approach, starting with the initial model and fitting models with constrained 179 parameterizations for resighting and survival probabilities. Model selection relied on the 180
Akaike's Information Criterion (AIC, Burnham and Anderson 2002) . Model selection and 181 parameter estimation were performed using M-SURGE (Choquet et al. 2004) , except for the 182 effect of body condition which was modelled with E-SURGE (Choquet et al. 2009b) , as this 183 software enable the use of individual covariates. We evaluated the possible improvement of 184 the best model by modelling first-year survival as a function of body condition. All values are 185
given  SE. 186
Modelling survival probabilities 188 189
In our initial model adult survival was age-, time-and site-specific. Since we were interested 190 in variations of survival probabilities early in life, we defined two age-classes for the first year 191 of life: first-fall (i.e. from ringing in July to January), and first-spring (i.e. from January to 192
July the following year). After the first year of life we allowed survival probabilities to vary 193 with age on an annual basis until age 3, and independently of age afterward since previous 194 studies suggested that survival probabilities varied little according to age after age 3. We also 195 allowed survival to be different before and after age 7, the peak of recruitment, for some 196 models (Johnson et al. 1991 , Lebreton et al. 1992 , Cézilly et al. 1996 , Tavecchia et al. 2001 , 197 Johnson and Cézilly 2007 Using the notation recommended by Lebreton and Pradel (2002) where Φ, p and Ψ are survival, resighting and movement probabilities respectively, i and j the 202 departure and current site (Fr, Sp, It, or Ot) , t the resighting occasions -time effect is the 203 interaction between years and seasons, spring and fall respectively indicate first post-winter 204 and first post-summer periods, and a# indicates age-classes (see Table S3 for the details of 205 shortcuts used). 206
Movement probabilities for the first age-class differ from subsequent ones as all birds 207 were ringed in France so that France is the only possible site of departure for this age-class. 208
For birds belonging to older age-classes movement probabilities were site-specific but were 209 set constant with time to limit the number of parameters in the model relative to the available 210 dataset. As all birds were ringed in the Camargue, survival probability of the first age-class 211 was only estimated for the Camargue. For this first age-class, survival and resightingprobabilities for Spain, Italy and Others were fixed to 1 as no birds of this age were available 213 at these sites. For the subsequent age-classes, resighting probabilities were only site-and 214 time-dependent, and survival probabilities were age-and time-dependent until age 3, and only 215 time-dependent for the older age-classes. 216
The power and memory requirements of the software M-SURGE used to run the 217 models (Choquet et al. 2004) were exceeded to run a model including a sex effect on survival 218 probabilities (4 sites, 4 age classes, 2 sexes, seasonal variation corresponding here to the 219 number of occasions, 3 519 individuals and c. 3 600 resightings). We thus divided the data set 220 into two, according to sex, and compared a posteriori sex-specific survival estimates using Z-221 tests (Zar 1984) . We used Gould and Nichols' method (1998) 
Goodness-of-fit tests 237 238
There was no lack of fit for the JMV model when data were pooled by sex and cohort (Table  239 S4). The overall goodness of fit test suggested an underdispersion of the data as ĉ was < 1 for 240 both sexes. Underdispersion likely resulted from a low number of resightings per bird (0.96 ± 241 0.04 observations per female and 1.08 ± 0.04 observations per male). As suggested by Cooch 242
and White (2007) we thus kept a value of 1 for the ĉ. 243
244

Model selection 245 246
We started by modelling the male dataset. Starting with our initial model (model P2; Table  247 S5), we examined whether resighting probabilities were age-, year-, season-, and site-248 dependent (models P1 to P6; Table S5 ). The full time-dependent model was preferred 249 indicating that resighting probabilities varied between seasons, years and sites irrespective of 250 age. 251
Regarding survival, an age-dependent model (S2) was preferred to a year-dependent 252 model (S4) or to a year-and age-dependent model (S7), suggesting that survival did not vary 253 among years (Table 1) . A model with survival differing between juveniles, immatures and 254 adults (S1), was preferred to a model where survival differed between juveniles, immatures, 255 young and old adults (S3) suggesting no detectable age variations in survival after age 3. 256
Hence, this best model (S1) distinguished 4 age-classes: from fledging to 1 st fall, from 1 st fall 257 to 1 st spring, from 1 to 2 year-old, and ≥ 3 year-old. 258
As for males, female resighting probabilities were site-, season-and time-dependent 259 (Table S6 ). The same model structure as for males was selected for survival (Table 2) . Because survival estimates were high from the second fall onward (> 0.90 for all sites and 279 both sexes, Table 3 and Table S7 for annual survival), we focused only on the first-year 280 estimates (Fig. 2) . 281
First-fall survival was high and did not differ between sexes (0.85 ± 0.04 and 0.80 ± 282 0.05, for males and females respectively, z = 0.75, p = 0.45). 283
First-spring survival of male flamingos staging in France (0.59 ± 0.10) did not differ 284 significantly from those which had dispersed (Table 4; Sexual dimorphism was apparent before fledging as male chicks were on average 7.3% larger 299 and 13% heavier than females, respectively (tarsus length: t = 13.26, df = 3509, p < 0.001; 300 body mass: t = 12.71, df = 3505, p < 0.001; Table S2 ). 301
For males, a model forcing survival to depend on body condition was only marginally 302 better supported than a model without covariate (ΔDeviance = 10 but ΔAIC <2, Table 5 ). 303 Furthermore, slopes were not different from zero. For females, a model including the effect of 304 body condition on survival probabilities did not improve the AIC (Table 6) (Green et al. 1989) . We alsoconfirmed that flamingos presented a low dispersal (i.e. high wintering site fidelity) during 312 subsequent years (Green et al. 1989 , Barbraud et al. 2003 . 313
The survival of greater flamingos during their first year increases along the winter 314 temperature gradient with estimates below 0.50 ± 0.07 in France and above 0.60 ± 0.07 in 315
North Africa and Turkey (Appendix Table S6 ). In France, survival of individuals in their first 316 year drops by 30 to 50% depending on sex between fall and spring (Table 4) . Therefore most 317 of the mortality of juvenile greater flamingos born in the Camargue seems to occur between 318 January and July of the year following their birth. This relatively heavy mortality rate may be 319 caused by increasing energetic demands of fledgling flamingos facing colder temperatures 320 accentuated by relatively strong winds during this period of the year in the south of France 321 (Camargue). During their first-year, young birds progressively shift from parental care to 322 autonomy and face the hazard of new surroundings, while gaining experience in obtaining 323 suitable food resources (Anders et al., 1997 , Kershner et al., 2004 , Anders et al., 1998 , 324 Nilsson and Smith, 1985 , Verhulst, 1992 . Hence, in fall juveniles may benefit from parental 325 care and appropriate body condition at fledging, while decreased survival in spring may 326 reflect the cost of gaining foraging efficiency and perhaps decrease in food resources. 327
First-spring survival was the highest for both sexes in African and Turkish sites and in 328
Italy. While African and Turkish sites constitute the preferred dispersal destination (up to 329 77% of the post-fledging dispersers), Italy does not attract more birds than Spain or France 330 (Table 3) . High first-spring survival in both African and Turkish sites and Italy (similar to 331 first-fall survival in France), and similar survival between sexes suggest favorable wintering 332 conditions at these sites. Relatively mild temperatures and availability of large wetlands in 333
North and West Africa certainly offer appropriate conditions for flamingos in winter 334 (Samraoui and Samraoui, 2008) , while a small breeding population in Italy may provide a 335 wintering area with low competition. 336
For birds remaining in France or dispersing to Spain (from 0 to 70% of the fledglings 337 depending on years; Table 4), we found contrasted survival among sexes (Figure 2 and 338 Appendix Table S6 ). The higher survival of males staying in France compared to females 339 supports both the energetic hypothesis, predicting an advantage of a larger body size to cope 340 with cold temperatures, and the competition hypothesis. According to the competition 341 hypothesis, food limitation will advantage the more competitive larger individuals (Anderson 342 et al., 1993 , Rowland, 1989 , Langston et al., 1990 , Hunter, 1983 , Arroyo, 2002 eventually 343 causing higher risk of mortality for the smaller ones (Arroyo, 2002, Edwards and Collopy, 344 1983 ). This was found in the Montagu's harrier (Circus pygargus) where male chicks weigh 345 about 85% of females weight and showed a higher probability of starvation as a result of 346 sibling competition (Arroyo, 2002) . In blue tits (Parus caeruleus), a dimorphic species where 347 males are bigger than females, Råberg et al. (2005) found that in poor conditions, female 348 chicks suffer more heavily from starvation than male chicks. This was explained by the fact 349 that female chicks, being smaller, were disadvantaged when competing for food delivered by 350 parents (Råberg et al., 2005) . Therefore, juveniles, and especially young females, may be 351 more sensitive to competition and constrained to feed at poor quality sites in winter, when 352 food is scarce and when the energetic needs increased with decreasing temperatures. This is 353 especially likely for wintering sites situated at the northern edge of the greater flamingo range 354 such as the south of France. In turn, dispersal to more temperate winter areas would be an 355 advantageous tactic for juvenile females as suggested by the better juvenile survival observed 356 elsewhere, and by the higher dispersal probability of females than males during their first year 357 to African and Turkish sites. 358
An alternative explanation of the better survival of dispersing birds could be that 359 dispersers are of better quality than sedentary ones. Altwegg et al. (, 2000) found that there 360 was a tendency for larger House sparrows (Passer domesticus) to disperse farther than smallones. This would be consistent with the finding of Barbraud et al. (2003) showing that 362 juvenile dispersal rates were higher with increased body condition, a possible proxy for 363 individual quality. For subsequent age-classes and both sexes, survival remains the lowest in 364
France, reinforcing the idea of a direct benefit of dispersal in term of survival. However, we 365 only found a weak tendency for a positive effect of body condition on male juvenile survival, 366 and no effect on female juvenile survival. 367
Previous studies had shown that flamingos wintering in France could be heavily 368 Table S2 . Mean ± SE (sample size) body mass and tarsus length for juvenile male and female 574 greater flamingos ringed and sexed at the Camargue colony between 1995 and 2005. 575 Table S3 . Shortcuts used in the definition of age-classes when modelling survival, resighting 576 and movement probabilities. 577 Table S4 . Goodness-of-fit tests of the general JMV model by sex and cohort and applied to 578 the resighting data of greater flamingos born in the Camargue. ĉ denotes the overall 579 overdispersion factor estimate. F=female; M=male. 580 Table S5 . Modelling male resighting probability p with survival probability modelled as 581 
